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Stress in its ultimate analysis is probably dynamic. If so,
the maintenance of the field of strain about an atom as it moves
presents no greater difficulty than the maintenance of the field
of light about a moving candle, or of the field of sound about a
moving bell.
The propagation of such ether strains as occur in light, elec
tricity and magnetism is very greatly influenced by the material
substances present in the strained medium. It is not probable
that the gravitational strain differs from others in this respect,
and we may reasonably hope to find some inductive phenomena
in connection with gravitation. A feasible plan is to surround
a delicately poised mass by a thick pair of hemispheres (which
may be hollow for liquids), and note with a refractometer any
change of position, which, since the attraction of a sphere at a
point within it is zero, will be due either to induction or to
irregularities of the sphere. Errors due to irregularities may
be readily eliminated by rotating the sphere.
The Le Claire limestone constitutes the second stage of the
Niagara formation as it is developed in Iowa. The first or
lower stage has been called the Delaware, from the fact that
all its varying characteristics are well exhibited in Delaware
county. The Delaware stage embraces many barren beds and
presents a very great number of phases, but at certain horizons
it abounds in characteristic fossils. The typical faunas of this
lower stage embrace such forms as Pentamerus oblongus Sow-
erby, Halysites catenulatus Linnaeus, Favosites favosus Goldfuss,
Strombodes gigas Owen, Strombodes pentagonus Goldfuss, Ptycho-
phyllum expansum Owen, and Diphyphyllum multicauleHM. The
beds of the Delaware stage furthermore contain large quanti
ties of chert.
The Le Claire stage of the Niagara follows the Delaware.
The exact line of separation between the two stages has not
been, and probably cannot be, definitely drawn. There are
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massive, barren, highly dolomitized aspects of both stages
that, taken by themselves, cannot be differentiated in the field.
Under such circumstances the observer must work out the strati-
graphic relations of the particular group of strata under con
sideration before referring it to its place in the geological col
umn. In general the Le Claire limestone is a heavy bedded,
highly crystalline dolomite. It contains scarcely any chert, and
in the lower part there are very few fossils. There are occa
sionally a few specimens of Pentamerus, of the form described
as Pentamerus occidentalis Hall, and the principal coral is a
long, slender, tortuous Amplexus which is represented only by
casts of the vacant or hollow parts of the original corallum.
On account of the complete solution of the original structure,
the spaces occupied by the solid parts of the corallum are now
mere cavities in the limestone. In the upper part of the Le
Claire stage small brachiopods abound. They belong to the
genera Homeospira, Trematospira, Nucleospira, Rhynchonella,
Rhynchotrepa, Atripa, Spirifer, and probably others. In most
cases the fossils have been dissolved out, leaving numerous
cavities. The calcareous brachial apparatus of the spire bear
ing genera is often the only part of the original structure rep
resented. No statement can well give any idea of the numbers
of the small shells that crowded the sea bottom near the close
of the Le Claire stage, nor of the corresponding number of
the minute cavities that are now so characteristic a feature of
this portion of the Le Claire limestone. In some localities in
Cedar county the small brachiopods of this horizon are repre
sented by very perfect casts that were formed by a secondary
filling of the cavities left by solution of the original shell. The
external characters are thus fairly well reproduced.
Compared with the beds of the Delaware stage, the Le Claire
limestone as a rule lies in more massive ledges, it is more com
pletely dolomitized, and its fracture surfaces exhibit a more
perfect crystalline structure. It contains an entirely different
fauaa, a fauna in which small rhynchonelloid'and spire-bearing
brachiopods are conspicuous. Its fossils are never silicified,
and, in marked contrast with some portions of the Delaware,
its upper part at least is notably free from chert. The Le
Claire limestone is the lime burning rock of Sugar Creek, Cedar
Valley, Port Byron, and Le Claire. Wherever it occurs it fur
nishes material for the manufacture of the highest quality of
lime.
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With respect to their distribution the strata of this stage are
well developed at Le Claire in Scott county. They are seen
in the same stratigraphic relation at the lime kilns on Sugar
creek and at Cedar Valley in Cedar county. They occur beneath
the quarry stone at and near Stone City, Olin, and Hale in Jones
county. They are again seen at numerous points west of the
Jones county line in Linn. Indeed they are somewhat gen
erally, though by no means universally, distributed in the east
central part of Scott, southwestern parts of Clinton, western
Cedar, and the southern parts of Jones and Linn. They seem
to be limited to the southwestern corner of the Niagara area.
A line drawn from the mouth of the Wapsipinicon through
Anamosa would mark approximately their northeastern limits.
The Le Claire limestone is in some respects unique among
the geological formations of Iowa. In the first place it varies
locally in thickness, so much so that its upper surface is exceed
ingly undulating, the curves in some places being very sharp
and abrupt. In the second place it differs from every other
limestone of Iowa in frequently exhibiting the peculiarity of
being obliquely bedded on a large scale, the oblique bedding
often affecting a thickness of fifteen or twenty feet. The phe
nomena suggests that during the deposition of the Le Claire
limestone the sea covered only the southwestern part of the
Niagara area, that at times the waters were comparatively
shallow, and that strong currents, acting sometimes in one
direction and sometimes in another, swept the calcareous mud
back and forth, piling it up in the eddies in lenticular heaps or
building it up in obliqely bedded masses over areas of consid
erable extent. The oblique beds observe no regularity with
respect to either the angle or direction of dip. Within com
paratively short distances they may be found inclining to all
points of the compass. Again the waters at times were quiet,
and ordinary processes of deposition went on over the irregular
sea bottom, the beds produced under such circumstances con
forming to the undulating surface on which they were laid
down. In some cases these beds were horizontal as in the
upper part of the section illstrated in plate 1, while in other
cases they were more or less flexuous and tilted as seen in the
left bank of the Wapsipinicon above Newport. (Figure 2.)
Professor Hall accurately describes some of the variations in
the inclination and direction of dip in the Le Claire limestone
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Figure 1. Exposure of LeClaire limestone at the Sugar creek lime quarries. Cedar
county, Iowa. The limestone is obliquely bedded in the lower part of the section and
horizontally bedded above. The same fauna occurs in both sets of beds. Oblique
beds dip southeast.
Figure 2. Oblique beds of LeClalre limestone, dipping northeast, in west bank ofMississippi river, one-half mile below LeClalre, Iowa.
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as seen at Le Claire*, but he assumes that the inclination of the
beds is due to folding and uplift subsequent to their deposition.
On this assumption the Le Claire limestone would have a thick
ness of more than 600 feet, whereas the maximum thickness
does not exceed 80 feet, and the average over the whole area is
very much less. Prof. A. H. Worthenf studied this limestone
at Port Byron, 111., and Le Claire, Iowa, and describes it as
" presenting no regular lines of bedding or stratification, but
showing lines of false bedding or cleavage at every conceivable
angle to the horizon." He assigns to these beds a thickness of
Figure 2. Inclined undulating beds o^the Le Claire stage near Newport, Iowa.
fifty feet, but he offers no explanation of what he calls ' ' false
bedding or cleavage." In White's report on the geology of
IowaJ the oblique bedding seems to have been taken as evi
dence that a line of disturbance crossed the Mississippi river at
Le Claire with a direction nearly parallel to the Wapsipinicon
valley. This apparent disturbance was last recognized about
three miles west of Anamosa. The angle of dip it is said has
reached in some places twenty- eight degrees with the horizon.
McGee in discussing the Regular Deformations of Northeastern
Iowa% quotes Dr. White on the Wapsipinicon line of disturbance
* Kept, on the Geol. Surv. of the State of Iowa, Hall and Whitney, vol. I, part I, pp.
73-74. 1858.
t Geol. Surv. of 111., vol. I, p. 130. 1865.
* Rept. on the Geol. Surv. of the State of Iowa, Charles A. White, vol. I, p. 133. 1870.
§ Pleistocene history of Northeastern Iowa, p. 340. 1891. 5
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and accepts the observations on which the statement is based
as evidence of a synclinal fold extending from Le Claire to Ana-
mosa. White's observations appear to have been made only at
the two points mentioned. At both places the strata seem to
be inclined at a high angle. On the assumption that the incli
nation of the strata indicates orogenic disturbance, the con
clusion that the disturbed beds were parts of the same fold was
very natural. There is, however, no fold, nor is there any line
of disturbance. In the whole Niagara area southwest of the
line which marks the limit of the Le Claire limestone the phe
nomena seen at Le Claire and west of Anamosa are repeated
scores of times and in ways that defy systematic arrangement.
The beds incline at all angles from zero to thirty degrees, and
even within short distances they may be found dipping in every
possible direction. Twenty miles southwest of the line sup
posed to be traversed by the synclinal fold, for example at the
lime kiln on Sugar creek, along the Cedar river above Roches
ter, at Cedar Valley, as well as at many intermediate points
distributed promiscuously throughout the area of the Le Claire
limestone, the beds stand at a high angle, and the multiplicity
of directions in which they are inclined, even in exposures that
are relatively near together, is wholly inconsistent with the
idea of orogenic deformation. The beds are now practically in
the position in which they were laid down in the tumultuous
Niagara sea. The principal disturbances they have suffered
have been the results of epeirogenic movements which affected
equally the whole region over which these limestones are dis
tributed, as well as all the adjacent regions of the Mississippi
valley.
The exposures at Port Byron and Le Claire present some
interesting features that are not seen so well at any of the
exposures farther west. In the first place, the lime quarries at
Port Byron show the characteristic oblique position of the
strata, and at the same time they demonstrate that the oblique
bedding is real and not a mere deceptive appearance due to
cleavage of a mass of sediment that was originally built up
regularly and evenly on a horizontal base. As in other groups
of strata, there are faunal and lithological variations when the
beds are compared one with another. These varying charac
teristics do not intersect the beds in horizontal planes as they
would if the present bedding were due to cleavage of a mass
that had risen vertically at a uniform rate, but they follow the
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Figure 1 Thin-bedded LeClaire limestone overlying the phase represented in
Plate I, figure 2. as seen on west side of Main street, LeClaire, Iowa At this point
sub-marine erosion removed portions of certain beds, and the space so formed was
subsequently filled with a second set of beds which overlapped obliquely the eroded
edges of the first.
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individual layers in their oblique course from top to bottom of
the exposure. The facts confirm the statement that the beds
were deposited one by one in the position in which we now find
them.
On the west side of the Mississippi, south of Le Claire, the
usual oblique bedding is seen in the bank of the river, below
the level of the plain on which the lower part of the town is
built. The individual beds, as in all the characteristic expos
ures of this formation, range from eight to twelve inches in
thickness. Above the level of the beds exposed in the river
bank there is another series of Le Claire beds that depart some
what from the ordinary type. Near the base of this second
series the layers are thick and the rock is a light gray, porous,
soft, non-crystalline dolomite. These grade up into thinner
and more compact beds, but the lithological characters are
never quite the same as those of the more typical beds at a
lower level. The soft, porous gray-colored beds contain casts
of Dindbolus conradi (Hall). The same species ranges up into
the harder beds, but the characteristic fossils above the soft,
porous layers are casts of small individuals of Atrypa reticularis
and a small, smooth- surfaced Spirifer. The layers become
quite thin in the upper part of the Le Claire. They show many
anomalies of dip, but, so far as observed, they do not as a rule
stand at as high angles as do the harder and more perfectly
crystalline beds of the lower series. The existence, however,
of tumultuous seas is no less clearly indicated at this horizon
than in the lower beds that pitch at greater angles. In the
town of Le Claire, on the west side of the main street, there is
evidence of the erosion of the sea bottom by currents, and sub
sequent filling of the resulting channels with material of the
same kind as formed the original beds. In eroding the
observed channel some of the previously formed layers were
cut off abruptly, and in refilling the space that had been scooped
out the new layers conformed to the concave surface and
lapped obliquely over the eroded edges of the old ones.
The angle at which the lower, more highly inclined beds
stand never exceeds twenty-eight or thirty degrees; that is, it
never exceeds the angle of stable slope for the fine, wet, cal
careous material of which the strata were originally composed.
The Le Claire limestone is, as a whole, sharply set off from
the deposits of the Delaware stage by its hard, highly crystal
line structure, its freedom from chert, its easily recognized
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fauna, and its record of anomalous conditions of deposition.
In the field the distinction between the Le Claire and the Ana-
mosa stages are even more easily recognized, though faunally
the two stages are intimately related. In the Anamosa stage
oblique bedding is unknown; liohologically the rock is an
earthy, finely and perfectly laminated dolomite, not highly
crystalline in its typical aspect, and too impure for the manu
facture of lime. It may be quarried in symmetrical blocks of
any desired dimensions, while the Le Claire limestone breaks
into shapeless masses wholly unfit for building purposes. The
quarry beds of the Anamosa stage are quite free from fossils,
buL along the Cedar river in Cedar county the brachiopod fauna
of the upper part of the Le Claire reappears in great force in a
stratum four feet in thickness, up near the top of the forma
tion. The beds of the Anamosa stage are very undulating, and
dip in long, graceful, sweeping curves in every possible direc
tion. The knobs and bosses and irregular undulation devel
oped on the sea bottom as a result of the peculiar condition
prevailing during the Le Claire age, persisted to a greater or
less extent after the age came to an end, and it was upon this
uneven floor that the Anamosa limestone was laid down. The
puzzling flexures of the Anamosa limestone, and the puzzling
variations in altitude at which it occurs, were largely deter
mined by irregularities in the upper surface of the Le Claire
formation.
THE BUCHANAN GRAVELS: AN INTERGLACIAL
DEPOSIT IN BUCHANAN COUNTY, IOWA.
BY SAMUEL CALVIN.
About three miles east of Independence, Iowa, there are
cross-bedded, water-laid deposits of sand and gravel of more
than usual interest. The beds in question occur near the line
of the Illinois Central railway. The railway company indeed
has opened up the beds and developed a great gravel pit from
which many thousands of carloads have been taken and used as
ballast along the line.
Overlying the gravel is a thin layer of Iowan drift, not more
than two or three feet in thickness, but charged with gray
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